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’ INTRODUCTION
As one of the essential photoproducts of santonin upon
exposure to ultraviolet light, lumisantonin has long been system-
atically studied for its photochemical properties. Dating back to
1957, Arigoni and co-workers carried out a series of experiments
to explore the photolysis of santonin in different media.1 It was
reported that, under UV radiation, santonin in dioxane yields
lumisantonin, which, in turn, is also photoactive and undergoes a
number of photoinduced reactions.1 These findings spurred
much subsequent research on the photoreaction mechanism of
lumisantonin.212 These studies indicated that irradiation of
lumisantonin with a wavelength longer than 320 nm in an aprotic
medium leads to two differential photolytic pathways, yielding
two main photolytic products: The major one is mazdasantonin
and its dimer, amounting to 80%, and the second is a double-
bonded isomer of pyrolumisantonin, amounting to 10% of the
total products.6 The detailed mechanism proposed by Fisch and
Richards in each reaction channel is schematically shown in
Figure 1. Exposed to UV light, lumisantonin (R), featuring a
three-membered alkyl ring, is promoted to an electronic excited
state, immediately undergoing a bond cleavage reaction involving
either the C1—C5 or C5—C6 bond; the two reaction pathways
are labeled here as path A and path B, respectively. Along path A,
the cleavage of the C1—C5 bond leads to an intermediate,
namely,A-INT. A subsequent methyl migration yields a product,
denoted as A-P. It was predicted that this reaction step takes
place in the ionic-type species of A-INT. Along path B, breakage
of the C5—C6 bond leads to an intermediate form, denoted as
B-INT. This step followed by an intramolecular hydrogen
abstraction leads to the formation of another intermediate,
B-INT-I, with a characteristic enol configuration. It easily under-
goes a ketonization reaction, where the enolic hydrogen migrates
to the unconjugated β,γ-unsaturated ketone, yielding a double-
bonded isomer of pyrolumisantonin, denoted as B-P-I.
Provided the photolysis mechanism of lumisantonin revealed
from an experimental point of view mentioned above, some
key problems are still to be solved. Under a given irradiation
wavelength, how many excited states are involved in the photo-
lysis, and is there any twinning along the reaction pathways? It is
also important to analyze which states play leading roles in the
stepwise reaction and at which point the excited state undergoes
a radiationless decay to the ground state. Is it possible for the
methyl group tomigrate in path B? As such questions are difficult
to answer by pure experimental means, theoretical calculations
can be used to fill the gaps in understanding. It is the ambition of
the present work to answer questions such as these at a high-
accuracy computational level and to provide a profound insight
into the photoreaction mechanisms of lumisantonin.
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ABSTRACT: The CASSCF and CASPT2 methodologies have
been used to explore the potential energy surfaces of lumisan-
tonin in the ground and low-lying triplet states along the
photoisomerization pathways. Calculations indicate that the
1(nπ*) state is the accessible low-lying singlet state with a
notable oscillator strength under an excitation wavelength of
320 nm and that it can effectively decay to the 3(ππ*) state
through intersystem crossing in the region of minimum surface
crossings with a notable spinorbital coupling constant. The
3(ππ*) state, derived from the promotion of an electron from
the π-type orbital mixed with the σ orbital localized on the
C—C bond in the three-membered alkyl ring to the π* orbital of conjugation carbon atoms, plays a critical role in C—C bond
cleavage. Based on the different C—C bond rupture patterns, the reaction pathways can be divided into paths A and B. Photolysis
along path A arising from C1—C5 bond rupture is favorable because of the dynamic and thermodynamic preferences on the triplet
excited-state PES. Path B is derived from the cleavage of the C5—C6 bond, leading first to a relatively stable species, compared to
intermediate A-INT formed on the ground state PES. Accordingly, path B is relatively facile for the pyrolytic reaction. The present
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’COMPUTATIONAL DETAILS
We employed the complete-active-space self-consistent field
(CASSCF)13 with the d-polarized double split-valence 6-31G*
basis set14 to optimize the critical points along the reaction
pathway. Generally, the active space involves all of the bonding
and antibonding π-type orbitals, the lone pair of electrons
(n-type orbital) localized on the oxygen in the reactive fragment,
and the active orbitals (such as σ orbitals) relevant for the bond-
breaking and bond-making process. Particularly, it consists of
eight electrons distributed over seven orbitals, denoted as
CASSCF(8,7). Frequency analysis of the transition state was
carried out at the same level of the geometry optimization to
identify whether it was a real saddle point to yield the desired
product.
The vertical transition energies of the low-lying singlet excited
states of lumisantonin were calculated by means of CASSCF
with the d,p-polarized triple split-valence 6-311G** basis set.15
Furthermore, the second-order multiconfigurational perturba-
tion theory (CASPT2) methodology16,17 was used to evaluate
the energy with respect to the effect of dynamic valence-electron
correlation, with an imaginary shift of 0.4 au employed to
moderate the effect of intruder states in calculation.
To illustrate the photolysis mechanism of lumisantonin, the
reaction pathway was constructed from all of the critical points
involved in the photoreaction on the ground- and excited-state
PESs. All electronic energies at the CASSCF-optimized geome-
tries were evaluated by CASPT2 with the cc-pVDZ basis set18 in
consideration of the low computational costs and the accuracy
matchable with the results given by the 6-311G** basis set.
Several essential surface crossings on the nonadiabatic PESs
along the reaction pathway were studied deliberately. A conical
intersection as the minimum on the seam of a singletsinglet or
triplettriplet surface crossing is responsible for an efficient
radiationless, internal conversion (IC), decay channel. The
energy evaluations in the CASSCF-optimized surface crossings
at the CASPT2 level show that the two degenerate electronic
states are split due to the dynamic valence-electron correlation at
the position of the PES crossing point. The probability of an
intersystem crossing (ISC) occurring on the seam of singlettri-
plet surface crossings (SCs) could be estimated by calculation
of the spinorbit coupling (SOC) constant between the singlet
and triplet states with a one-electron approximate spinorbit
Hamiltonian.
All optimizations of stationary points employed the Gaussian
03 program package,19 and both the surface crossing optimiza-
tions at the CASSCF level and all energy evaluations by
means of CASPT2 were carried out using Molpro 2006.20 The
SOC constants were calculated by the MOLCAS 7.4 program
package.21
’RESULTS AND DISCUSSION
Critical Points on the Photolytic Reaction Pathway. The
key points on the photolytic reaction pathway were optimized at
the CASSCF level; their geometries are presented in Figure 2.
We carefully investigated the three low-lying excited states,
namely, 3(ππ*), 3(nπ*), and 1(nπ*), of lumisantonin in the
FranckCondon (FC) region, in accordance with the irradiation
light wavelength matched to the vertical excitation energies. The
evident increase of the C—O bond length by 0.138 Å in the
cyclopentenone fragment in the 1(nπ*) state at equilibrium is
ascribed to the promotion of one electron from the lone pair of
the n-type orbital at oxygen to the antibonding π*-type orbital
localized on the C—O bond. Marked changes take place in the
C3—C4, C2—C3, C2—O, and C1—C5 bond lengths, which
increase from 1.343, 1.486, 1.205, and 1.508 Å in the ground state
to 1.511, 1.447, 1.237, and 1.535 Å, respectively, in the 3(ππ*)
state. The minimum of the surface crossing seam between the
1(nπ*) and 3(ππ*) states, designated as 1(nπ*)/3(ππ*)-SC, was
successfully optimized in the vicinity of the 1(nπ*)min state.
The conical intersection of the 3(nπ*)- and 3(ππ*)-state PESs,
namely, 3(nπ*/ππ*)-CI, was obtained as well, with the char-
acteristic of having the average bond length of the minima of the
two related states.
Key points involved in path A are as follows: The cleavage of
the C1—C5 bond leads to an intermediate state, A-INT. The
geometry of the A-INT-3(ππ*)min state is quite similar to that
of the ground state. Subsequently, A-INT undergoes a methyl
migration through a transition state, denoted as A-TS, finally
yielding the product A-P. With the methyl migration from C6
to C1, the bond length of C1—C6 decreases from 1.522 Å in
A-INT to 1.436 Å in A-TS; the difference reaches 0.088 Å in the
Figure 1. Experimentally suggested photoreaction pathway of lumisantonin (see ref 6).
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3(ππ*) state. Furthermore, the C—C bond length of the
benzophenone moiety is equalized in the ground state for
A-TS. In the 3(ππ*) state, the C3—C4 bond length is 1.334 Å
characterized by a double-bond property. As A-P is formed, the
C2—C3, C3—C4, and C4—C5 bonds exhibit a single- and
double-bond alternation character. The lowest surface crossing is
located around A-INT, designated as S0/
3(ππ*)-A-SC, with the
characteristics of having equalized geometrical parameters in
both A-INT-S0 and A-INT-
3(ππ*)min.
Key points involved in path B are as follows: Along with the
augmentation of the distance between C5 and C6, the diradical
intermediate B-INT in the 3(ππ*) state was successfully opti-
mized. A minimum in the ground state was not found, but we
nevertheless optimized a surface crossing around B-INT with a
geometry quite identical to that of the 3(ππ*) state. The reaction
pathway suggested in the experimental work of ref 6 contains
successive steps with hydrogen abstraction from a methyl group
to the adjacent oxygen of the ketone group to generate an
intermediate in enol form, namely, B-INT-I, passing through
the transition state B-TS-I-1. The C6—C7 (in the methyl
group), C1—C2, and C4—C5 bond lengths in B-TS-I-1 are
shortened by 0.112, 0.031, and 0.026 Å, respectively, compared
with those in B-INT in the 3(ππ*) state. The enolic group in
B-INT-I is ketonized, yielding the product B-P-I through a
transition state denoted as B-TS-I-2. In each species, the equili-
brium geometry of the five-membered alkyl ring in the ground
state is quite similar to that in the 3(ππ*) state. The notable
diversity of the two states appears in the bond length of the newly
formed vinyl fragment. The increased bond distance arises from
the two singly occupied orbitals on the vinyl carbon atoms
separately in the 3(ππ*) state. In competition with the reaction
pathway derived from hydrogen migration, another reaction
channel might exist that involves a methyl-group shift. Therefore,
B-INT undergoes a transition state, denoted as B-TS-II, leading
to another product, called B-P-II. Along this reaction pathway,
C1 is sp3-rehybridized in B-P-I, and the distance between C1
and C6 increases. A minimum of the surface crossing is found
adjacent to B-INT, denoted as S0/
3(ππ*)-B-SC, and is quite
identical to B-INT-3(ππ*)min. To provide a general overview
of the multistep photoinduced reaction, the relative energies of
the stationary points on the ground- and excited-state PESs are
summarized in the Figure 3.
Figure 2. Selected optimized geometric parameters of critical points along the reaction pathway [S0 in black,
3(ππ) state in red and 1(nπ) state in blue].
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Vertical Excitation Energies. Because the low-lying excited
states of lumisantonin trigger successive reactions under the
irradiation of UV light, we investigated the vertical energies,
transition properties, and oscillator strengths at the CASPT2
level. They are collected in Table 1, along with relevant experi-
mental values. The first singlet excited state is assigned to the
1(nπ*) state arising from an oxygen lone pair to the π*-type
orbital at the CdO group with an energy of 3.52 eV, in good
accord with experimental observation.5 Its oscillator strength is
as small as 0.001. The second singlet excited state lies above the
1(nπ*) state, with a large oscillator strength corresponding to the
strong band in the experimental absorption spectrum. However,
promotion to the 1(ππ*) state is not possible because of the
unaffordable electronic transition energy under the given light
wavelength of about 320 nm. The 3(ππ*) state is the lowest
triplet state and is ascribed to the promotion of a π-type bonding
orbital mixed with the σ orbital along the C1—C5 and C5—C6
bonds to the π*-type antibonding orbital in the cyclopentenone
moiety. Its vertical transition energy is predicted to be 3.56 eV, as
Figure 3. Energy levels of stationary points on the adiabatic PESs of the ground and excited states relevant to (a) path A and (b) path B.
Table 1. Vertical Excitation Energies (in eV) and Transition
Assignments of Low-Lying Excited States of the Reactant at
the CASPT2 level
state transition CASPT2 f exp
1(nπ*) no f π* 3.52 0.001 3.70
a
1(ππ*) π f π* 4.87 0.020
3(nπ*) no f π* 3.32
3(ππ*) π f π* 3.56
a See ref 5.
Figure 4. Molecular orbitals related to electronic promotion in the low-
lying excited states.
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it is higher than the 3(nπ*) state. The critical molecular orbitals
related to electron promotion in the low-lying excited states are
plotted in Figure 4.
Reaction Pathway on the Singlet Ground-State PES.As the
reaction proceeds along path A, the rearrangement process
occurs in a stepwise fashion on the adiabatic singlet ground-state
PES. The first-step reaction gives rise to the intermediate species
A-INT with no barrier, where the σ-bond rupture results in the
separation of an electron pair. An electron population analysis of
A-INT indicates that unpaired electrons are partially localized on
the carbon of the methyl group bonding to C6 and distributed
over theπ-type orbital of the six-membered alkyl ring. Through a
transition state of A-TS, A-INT successively leads to a methyl-
group migration, finally yielding A-P.
The first-step reaction from R to A-INT is predicted to be
endoergic by 29.3 kcal mol1. We attempted to search for a
saddle point connectingRwithA-INT bymeans of the restricted
optimization methodology along the bond rupture direction.
However, the energy was found to rise monotonically because of
the sole involvement of bond breaking, and the reaction proceeds
directly to the biradical metastable A-INT. The subsequent
methyl migration from A-INT to A-P through A-TS is calculated
to be exoergic by 42.2 kcal mol1, involving an energy barrier of
11.1 kcal mol1. Overall, the reaction taking place on the ground
state is exothermic by 12.9 kcal mol1.
The other possible reaction channel, path B, features a
stepwise mechanism as well. We could not find a stationary
point on the singlet ground-state PES as an intermediate result-
ing from carbon bond rupture, but two transition states featuring
bond breaking combined with hydrogen shift or methyl-group
migration were successfully optimized. We found two distinct
reaction pathways, named path B-I and path B-II. Through the
transition state B-TS-I-1, an enolic intermediate is formed. The
subsequent reaction involving ketonization yields B-P-I forma-
tion. The other reaction channel leads to B-P-II formation
through B-TS-II.
From R to B-INT-I, the reaction is endoergic by 6.2 kcal
mol1 and needs to overcome an energy barrier as high as
42.8 kcal mol1. The subsequent hydrogen rearrangement from
B-INT-I to B-P-I is predicted to be exoergic by 10.0 kcal mol1,
with an energy barrier as high as 60.6 kcal mol1. In comparison,
the methyl-group migration needs much more energy to over-
come the substantially higher energy barrier of 68.8 kcal mol1
and yields the productB-P-II alongwith the release of 6.2 kcalmol1.
Evidently, path B-I predominates over path B-II dynamically. The
computational results indicate that the thermal reaction from R to all
products would not occur except under extremely high temperatures.
The reaction energy changes of each reaction stepon the ground-state
PES are listed in Table 2.
Reaction Pathway on the Excited-State PES. To investigate
the photolytic reaction mechanism from the reactant to the pro-
ducts on the excited-state PESs, we evaluated all of the energies of
the stationary points, as well as the essential surface crossings
relevant to the radiationless decay channels along the reaction
pathway at the CASPT2 level. When exposed to irradiation
light with a wavelength of about 320 nm, the electronic state of
lumisantonin is excited from the singlet ground state to the
first singlet excited state 1(nπ*) assigned to the promotion of a
lone-pair electron to the π* orbital of CdO group. The vertical
energy was calculated to be 81.3 kcal mol1, which can be
matched with the irradiation energy and which is exoergic by
8.7 kcal mol1, relaxing to reach a minimum on the 1(nπ*)-state
PES. Around the 1(nπ*)min state, we found a lowest-energy point
on the seam of the 1(nπ*)- and 3(ππ*)-state PESs crossing. Upon
further investigation of the significant crossing point, the SOC
constant appeared to be as large as 60.9 cm1, indicating that
there is an efficient radiationless channel through 1(nπ*)/3-
(ππ*)-SC for the deactivation from the 1(nπ*) state to the
3(ππ*) state. The 1(nπ*)min and
3(ππ*)min states were found to
be nearly degenerate, differing by only 0.1 kcal mol1. Although
we did not find the 3(nπ*)min state near to the FC region, the
conical intersection between the 3(ππ*) and 3(nπ*) states was
optimized, suggesting that the IC process effectively takes place
through 3(nπ*/ππ*)-CI. The radiationless decay channels from






R f A-INT   29.3 38.7 1(nπ*)/3(ππ*)-SC 60.9
A-INTf A-P 11.1 22.5 42.2 2.1 S0/3(ππ*)-A-SC 0.54
Path B
R f B-INT-I 42.8  6.2  S0/3(ππ*)-B-SC 0.43
R f B-INT    32.9
B-INT f B-INT-I  50.0  34.2
B-INT-If B-P-I 60.6 56.7 10.0 7.5
R f B-P-II 68.8  4.8 
B-INT f B-P-II  49.6  3.2
Figure 5. Excited-state decay channels in the FranckCondon region
(in kcal mol1).
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the excited-state FC region to the stationary point on each
excited-state PES are schematically described in Figure 5. Here,
we list a range from the lower-state energy to the upper-state
energy at the crossing point. As shown in Figure 4, promotion of
an electron from π to π* leads to electron rearrangement
involving the σ orbital of the C—C bond. On the contrary, the
electron transition from nO to π does not greatly affect the
change of electron density in the C—C σ orbital. Accordingly,
we focus on the investigation of the photorearrangement path-
way on the 3(ππ*)-state PES.
As displayed in Figure 3, the photolytic rearrangement on the
lowest triplet-state PES is well-characterized as a stepwise reac-
tion. Proceeding along path A on the 3(ππ*)-state PES, the first-
step reaction involving the cleavage of the C1—C5 bond directly
leads toA-INT as a biradical, by energy release of 38.7 kcal mol1
with a free energy barrier. A-INT-3(ππ*)min is a biradical similar
to A-INT-S0 in electron population. The methyl migration from
A-INT to A-P through A-TS is endoergic by 2.1 kcal mol1,
involving an energy barrier of 22.5 kcal mol1. In the region of
A-INT, we successfully located an essential minimum of the
surface crossing seam related to the ground- and 3(ππ*)-state PESs.
The evaluated energy of S0/
3(ππ*)-A-SC at theCASPT2 level shows
that it lies below the 3(ππ*)min state by 2.74.2 kcal mol1,
and the predicted SOC constant is 0.54 cm1.
The cleavage of the C5—C6 bond leads to path B on the
3(ππ*)-state PES. Following the track of the relative energy
change with the increase of the distance between C5 and C6, the
energy drops without any turning point, indicating that it is
a barrier-free reaction. The C5—C6 bond rupture gives rise to
the formation of B-INT-3(ππ*)min with an energy release of
Figure 6. Energy levels of stationary points on the nonadiabatic PESs of the ground and excited states relevant to (a) path A and (b) path B.
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32.9 kcal mol1. The theoretical calculation predicts the follow-
ing reaction along path B-I through a transition state B-TS-I-1
featured by a hydrogen from a methyl group bonding to C6 and
the oxygen bonding to C2. This step to the formation ofB-INT-I
is endoergic by 34.2 kcal mol1, with an energy barrier as high as
50.0 kcal mol1. Similarly, the saddle point linking B-INT with
B-P-II is located slightly below B-TS-I-1 by 0.4 kcal mol1. As
B-P-II is formed, it releases an energy of 3.2 kcal mol1 relative to
B-INT. The whole reaction to B-P-II on the excited triplet-state
PES is exoergic by 36.1 kcal mol1. The successive reaction from
B-INT-I to B-P-I is characterized by an enol structure that must
overcome an energy barrier as large as 56.7 kcal mol1 to
complete the ketonization reaction by release of 7.5 kcal mol1.
The whole reaction is exothermic, with an energy release as large
as 6.2 kcal mol1. The lowest point on the seam of the surface
crossing between the 3(ππ*)-state PES and the singlet ground-
state PESs, labeled S0/
3(ππ*)-B-SC, lies 2.12.8 kcal mol1
below B-INT-3(ππ*)min, and the SOC constant is predicted to
be 0.43 cm1. All of the reaction energy changes along the
reaction pathway on the 3(ππ*)-state PES and SOC constants of
critical surface crossings are collected in Table 2.
Favorable Rearrangement Reaction Pathway. To illustrate
the reaction mechanism of the rearrangement occurring on both
the S0- and
3(ππ*)-state PESs, the nonadiabatic reaction pathway
from lumisantonin to each product is schematically represented in
Figure 6. We found that the experimental wavelength of 320 nm
gives an excitation to the first singlet excited state, 1(nπ*), of
lumisantonin with a non-negligible oscillator strength in the FC
region. Subsequently, it can relax to the lowest stationary point on
the 1(nπ*)-state PES and successively undergo a radiationless decay
to the 3(ππ*) state through 1(nπ*)/3(ππ*)-SC, where an efficient
decay channel appears as the result of a large SOC constant.
Another conical intersection, 3(nπ*/ππ*)-CI, indicates a signifi-
cant probability for the excited triplet-state conversion. In con-
sideration of the dynamic dominance of the 3(ππ*) state at the
initial reaction step, we emphasize the following investigation of the
reaction mechanism proceeding along the ground- and 3(ππ*)-
state PESs.
Proceeding along path A the following steps occur: The
C1—C5 bond rupture ascribed to promotion of an electron from
the π orbital mixed with the σ orbital along the C1—C5 bond to
the π* orbital results in the formation of A-INT-3(ππ*)min. It is
predicted to be a barrier-free reaction with an energy liberation of
38.7 kcalmol1. In the region ofA-INT, the presence of the lowest
surface crossing, S0/
3(ππ*)-A-SC, indicates a possible decay
channel from the 3(ππ*) state to the ground state. Once the
system has decayed to A-INT-S0, it needs to surmount an energy
barrier of 11.1 kcal mol1 to yield A-P-S0 lying 12.9 kcal mol
1
below R-S0; otherwise, it needs to overcome the energy barrier by
22.5 kcal mol1 leading to A-P on the 3(ππ*)-state PES.
Compared with the cleavage of the C1—C5 bond, the C5—C6
bond rupture leads to the other distinct reaction pathway, path B.
Under light irradiation, C5—C6 bond cleavage takes place on the
3(ππ*)-state PES. Similarly to the initial photoinduced reaction
along the path A, there is no energy barrier fromR-3(ππ*)min toB-
INT-3(ππ*)min lying 5.8 kcalmol
1 aboveA-INT-3(ππ*)min. The
minimum of the surface crossing seam, S0/
3(ππ*)-B-SC adjacent
to B-INT-3(ππ*)min, suggests that the ISC process takes place
after many molecular vibrations of B-INT-3(ππ*)min. In the
absence of a stationary point of B-INT on the ground state,
B-INT-3(ππ*)min could either relax toR-S0with an energy release or
overcome a relatively small energy barrier of around 5.0 kcal mol1
to give B-INT-I-S0. This reaction channel can be regarded as a
dynamically favorable pathway compared with the other reaction
pathway yielding B-P-II, after decay to the ground state. Subse-
quently, the reaction from B-INT-I-S0 through a quite high energy
barrier of 60.6 kcal mol1 to B-P-I is exoergic by 10.0 kcal mol1.
Assuming that the reaction occurs on the 3(ππ*)-state PES, the
formation of B-P-II through methyl migration is favored by thermo-
dynamics, whereas B-P-I-3(ππ*)min can not be yielded through a
ketonization reaction because the required energy is far beyond that
corresponding to the initial irradiation wavelength. Overall, from the
viewpoints of both thermodynamics and dynamics, path A is the
favorable reaction pathway in the photoinduced rearrangement of
lumisantonin, a conclusion that is consistent with the experimental
observation.6 On the other hand, pyrolysis of lumisantonin involves
only the ground-state reaction pathway, leading to a different result
than suggested by experiment. The theoretical studies here provide a
basis to the understanding the reactionmechanism.Assuming pathA
on the ground-state PES, the cleavage of the C1—C5 bond is
endoergic by 29.3 kcal mol1, with a free energy barrier from R to
A-INT as a less stable intermediate. Accordingly, it the system can
revert to R. In comparison with path A, the initial reaction of path B
involves C5—C6 bond rupture together with a hydrogenmigration,
leading to that stable intermediate B-INT-I, which can undergo a
ketonization reaction to finally yield B-P-I. Owing to the formation
of the stable intermediateB-INT-I, path B is predominant over path
A at high temperatures.
’CONCLUSIONS
In this work, we carried out theoretical studies on the rearrange-
ment reaction mechanism on the singlet ground-state and low-
lying excited-state PESs using the CASSCF//CASPT2 method.
Exposed to light with a wavelength of 320 nm, the accessible low-
lying singlet state is the 1(nπ*) state, which undergoes an effective
nonradiative decay to the 3(ππ*) state through a minimum of
the surface crossing seam. Successive calculations indicated that
the 3(ππ*) state, ascribed to the promotion of an electron from the
π orbital coupled to theC—Cσorbital in the three-membered alkyl
ring to theπorbital localized on the conjugation carbon atoms, plays
a critical role in the C—C bond cleavage leading to the subsequent
stepwise reaction. According to the different C—C bond cleavages,
the reaction pathway can be divided into two distinct types, labeled
path A and path B. Path A arises from C1—C5 bond rupture
featuring a barrier-free reaction on both the ground- and 3(ππ*)-
state PESs and is favorable because of the dynamic and thermo-
dynamic preferences on the triplet excited-state PES. Around
A-INT, there possibly exists a deactivation decay channel from the
3(ππ*) state to the ground state. Once having undergone the
radiationless transition, the system could recover to lumisantonin
by means of C1—C5 bond formation with an energy release.
Alternatively, the excited lumisantonin in the 3(ππ*) state could
surmount an energy barrier to complete the reaction. Path B,
derived from the cleavage of theC5—C6bond, feasibly takes place
on the ground-state PES because of the relatively high stability of
the intermediates compared toA-INT-S0. There also exists a decay
channel from the 3(ππ*) state to the ground state in the vicinity of
B-INT, resulting in that subsequent reaction taking place on the
ground-state PES. The initial step is a characteristic of a concerted
reaction involving bond rupture and a hydrogen or methyl
migration together on the ground-state PES. Owing to the much
lower energy barrier compared to the methyl-migration reaction,
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